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The renewed interest in analyzing RHIC data on di-hadron correlations as probes of final state
transverse momentum broadening as shown at Quark Matter 2018 [1] by theoretical calculations [6]
compared to experimental measurements [4, 5] led me to review the quoted theoretical calculations
and experimental measurements because the theoretical calculation [6] does not show the PHENIX
measurements [4] as published. The above references were checked and fits were performed to the
published measurements [4, 7] to determine qˆL from the measured azimuthal broadening to compare
with the theoretical calculation [6]. The new results will be presented in addition to some corrections
to the previous work [3]. The measured values of qˆL show the interesting effect of being consistent
with zero for larger values of associated pTa ≥ 3 GeV/c which is shown to be related to well known
measurements of the ratio of the Au+Au to p+p associated pTa distributions for a given trigger
pTt called IAA [23, 25]. Di-jets rather than di-hadrons are proposed as an improved azimuthal
broadening measurement to determine qˆL and possibly qˆ.
PACS numbers:
I. INTRODUCTION
When I was reviewing talks from Quark Matter 2018,
a slide in a presentation by Miklos Gyulassy [1] drew
my attention because it involved a figure (Fig. 2) from
a preprint [2] that I had referenced in my publication
on measuring qˆL from di-hadron correlations [3]. I had
not paid much attention to that figure previously, but in
comparing the two plots labeled PHENIX in Fig. 2 which
is reproduced from Ref. [6] to the actual plots in Fig. 1
reproduced from the quoted PHENIX publication [4] I re-
alized that the the data in the plots in Fig. 2 reproduced
from Ref. [6] looked nothing like the measurement shown
in Fig. 1 reproduced from the quoted PHENIX publica-
tion [4]. Notably, in the actual PHENIX data [4] shown
in Fig. 1 errors are shown for the same side peaks in
p+p and Au+Au, but no errors are shown for the away-
side peaks (pi/2 < ∆φ < 3pi/2 radians) for either p+p
or Au+Au. However, in Fig. 2 reproduced from Ref.[6]
which is labelled as PHENIX data from reference [4] er-
rors are shown for the p+p and Au+Au away-side data.
To understand this issue, I checked with the authors
of Fig. 2 reproduced from Ref. [6] who informed me that
software called xyscan was used on Figure 1 reproduced
from Ref. [4] to get the data points and the error used
in Fig. 2 reproduced from Ref. [6]. Also the the points
for both p+p and A+A data were rescaled to make them
normalize to 1 in Ref.[6], which were called ‘self normal-
ized’ data.
In my opinion the derived PHENIX data in Fig. 2 re-
produced from Ref.[6] looked nothing like the published
PHENIX data in Fig. 1. Admittedly a listing of the data
in Fig. 1 was not available, but a following publication
with the exact same figure [7] did provide a listing of
the data points [8] 1. Given these actual data points for
the PHENIX dihadron correlations shown in Fig. 3 I first
fit the data to Gaussians in ∆φ (σ∆φ) for the away side
pi/2 ≤ ∆φ ≤ 3pi/2 and the trigger side−pi/2 ≤ ∆φ ≤ pi/2
in order to compare the data and fits to Fig. 2. The y
axis for the Au+Au data and fits in Fig. 3 are rescaled
so that the peaks in the p+p and Au+Au fits lie on top
of each other. The STAR data and fits from Ref. [3] are
also shown in Fig. 3.
The most notable observation about the fits in Fig. 3
is that for both pTa ranges, the PHENIX Au+Au fits
have smaller σ∆φ than the p+p fits, which is more con-
venient to quote in the variable
〈
p2out
〉
= (pTa sinσ∆φ)
2
as follows: for PHENIX pTt = 5 − 10 GeV/c, the val-
ues of
〈
p2out
〉
for pTa = 3 − 5 GeV/c are 0.79 ± 0.64
(GeV/c)2, χ2/dof=22/23, for Au+Au 0-20% and 1.54±
0.08 (GeV/c)2 for p+p; and for pTa = 5 − 10 GeV/c,
2.12 ± 1.13 (GeV/c)2, χ2/dof=13/23, for Au+Au and
3.92±0.33 (GeV/c)2 for p+p. For the STAR Au+Au 00-
12%, pTt = 12− 20, pTa = 3− 5 GeV/c data, the results
are the same as in Ref. [3], namely
〈
p2out
〉
= 0.851±0.203
(GeV/c)2 for Au+Au and 0.576 ± 0.167 (GeV/c)2 for
p+p.
From these numbers it is obvious [3] that 〈qˆL〉 (which
corresponds to the
〈
p2⊥
〉
on Fig. 2) is negative for the
PHENIX data and thus not equal to 〈qˆL〉 = 13 GeV2
quoted on Fig. 2 reproduced from Ref. [6]. For readers
who may not understand this as obvious, a review of
the method to calculate 〈qˆL〉 is presented followed by
the calculations of 〈qˆL〉 from the PHENIX and STAR
data in Fig. 3 and some other published PHENIX data,
leading to an interesting conclusion.
1 Ref. [8] shows that these are the actual data from Fig. 1 of Ref [4]
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FIG. 1: PHENIX azimuthal correlation conditional yield in p+p and 0-20% centrality Au+Au collisions at
√
sNN =200 GeV
for trigger h± with pTt = 5−10 GeV/c and associated h± with pTa = 3−5 GeV/c (g) and pTa = 5−10 GeV/c (h) reproduced
from Ref. [4]
2.4 2.6 2.8 3.0
0.0
1.0
2.0
3.0
4.0
ptrigT,h = [5, 10] GeV
passoT,h = [3, 5] GeV
∆φ
1 σ
d
σ
d
∆
φ
PHENIX pp
PHENIX AA 0-20%
〈p2⊥〉 = 0 GeV2
〈p2⊥〉 = 13 GeV2
2.4 2.6 2.8 3.0
0.0
1.0
2.0
3.0
4.0
ptrigT,h = [5, 10] GeV
passoT,h = [5, 10] GeV
∆φ
1 σ
d
σ
d
∆
φ
PHENIX pp
PHENIX AA 0-20%
〈p2⊥〉 = 0 GeV2
〈p2⊥〉 = 13 GeV2
2.4 2.6 2.8 3.0
0.0
1.0
2.0
3.0
4.0
ptrigT,h = [12, 20] GeV
passoT,h = [3, 5] GeV
∆φ
1 σ
d
σ
d
∆
φ
STAR pp
STAR AA 0-10%
〈p2⊥〉 = 0 GeV2
〈p2⊥〉 = 13 GeV2
FIG. 2: Figure of Normalized dihadron angular correlation compared with PHENIX [4] and STAR [5] data, reproduced from
Ref. [6]
FIG. 3: Gaussian fits to actual dihadron angular correlation measurements of PHENIX [4] plus the previous fit [3] to the STAR
data [5]. (p+p data open squares, fits solid lines; Au+Au data open circles, fits dashed lines). The y axes for the Au+Au data
and fits are rescaled so that the peaks in the p+p and Au+Au fits lie on top of each other.
3II. A REVIEW AND IMPROVEMENT OF THE
METHOD TO MEASURE 〈qˆL〉 FROM
DI-HADRON AZIMUTHAL BROADENING
The BDMPSZ [9] QCD based prediction for detecting
the QGP is jet quenching produced by the energy loss, via
LPM coherent radiation of gluons, radiated from an out-
going parton with color charge fully exposed in a medium
with a large density of similarly exposed color charges
(i.e. the QGP). As a parton from hard-scattering in the
A+B collision exits through the medium it can radiate
a gluon; and both continue traversing the medium. It is
important to understand that “Only the gluons radiated
outside the cone defining the jet contribute to the energy
loss.” [9]. Also because of the angular ordering of QCD
[10], the angular cone of any further emission will be re-
stricted to be less than that of the previous emission and
will end the energy loss once inside the jet cone. However
complications might occur in the deconfined QGP [11].
The energy loss of the original outgoing parton,
−dE/dx, per unit length (x) of a medium with to-
tal length L, is proportional to the total 4-momentum
transfer-squared, q2(L), with the form:
−dE
dx
' αs〈q2(L)〉 = αs µ2 L/λmfp = αs qˆ L (1)
where µ, is the mean momentum transfer per collision,
and the transport coefficient qˆ = µ2/λmfp is the 4-
momentum-transfer-squared to the medium per mean
free path, λmfp.
Also, the accumulated momentum-squared,
〈
p2⊥W
〉
transverse to the parton from its collisions traversing a
length L in the medium is well approximated by〈
p2⊥W
〉 ≈ 〈q2(L)〉 = qˆ L. (2)
This is strongly correlated to the energy loss Eq. 1 [12]
and results in the azimuthal broadening of the outgoing
parton from its original direction by 〈qˆL〉 /2 since only
the component
〈
p2⊥W
〉
/2 is in the azimuthal direction,
⊥ to the scattering plane. The original parton that scat-
tered had a so-called [13] intrinsic mean transverse mo-
mentum 〈kT 〉 which is perpendicular to the collision axis
but can act both perpendicular to the scattering plane
and in the scattering plane at random. This means that
in a p+p collision, the mid-rapidity di-jets from hard-
parton-parton scattering are not back-to-back in azimuth
but are acollinear from the random sum of
〈
k2T
〉
from
both scattered partons or
〈
p2T
〉
pair
= 2
〈
k2T
〉
, of which
only half or
〈
k2T
〉
affects the azimuthal broadening while
the other half unbalances the original equal and opposite
transverse momenta of the jets [3]. In an A+A collision
this di-jet gets further broadened in azimuth by the ran-
dom sum of the azimuthal component
〈
p2⊥W
〉
/2 from
each outgoing jet or
〈
p2⊥W
〉
= qˆ L, so that the di-
jet azimuthal broadening acoplanarity in A+A collisions
compared to p+p collisions should be
〈qˆL〉 = 〈k2T 〉AA − 〈k′2T〉pp (3)
since only the component of
〈
p2⊥W
〉 ⊥ to the scattering
plane affects kT .
2 This is the azimuthal di-jet broaden-
ing from the BDMPSZ energy loss in the medium. Here〈
k2T
〉
AA
denotes the intrinsic rms. transverse momentum
of the hard-scattered parton in a nucleon in an A+A col-
lision plus any medium effect; and
〈
k′2T
〉
pp
denotes the
reduced value of the p+p comparison di-hadron
〈
k2T
〉
pp
measurement with pTt and pTa correcting for the lost
energy of the scattered partons in the QGP [3]. This re-
duces to the simpler equation when the equation for the〈
k2T
〉
for di-hadrons is substituted [3]:
〈qˆL〉 =
[
xˆh
〈zt〉
]2
AA
[〈
p2out
〉
AA
− 〈p2out〉pp
x2h
]
(4)
where
〈
p2out
〉
= p2Ta
〈
sin2(pi −∆φ)〉 and the di-hadrons
with pTt and pTa, with ratio xh = pTa/pTt, are assumed
to be fragments of jets with transverse momenta pˆTt and
pˆTa with ratio xˆh = pˆTa/pˆTt, where zt ' pTt/pˆTt is the
fragmentation variable, the fraction of momentum of the
trigger particle in the trigger jet. For di-jet measure-
ments, Eq. 4 becomes even simpler: i) xh ≡ xˆh because
the trigger and away ‘particles’ are the jets; ii) 〈zt〉 ≡ 1
because the trigger ‘particle’ is the entire jet not a frag-
ment of the jet; iii)
〈
p2out
〉
= pˆ2Ta
〈
sin2(pi −∆φ)〉. This
reduces Eq. 4 for di-jets to:
〈qˆL〉 =
[〈
p2out
〉
AA
− 〈p2out〉pp] (5)
I checked Eq. 5 against a prediction [14] for 35 GeV/c
jets at RHIC at
√
s
NN
=200 GeV with 〈qˆL〉=0 GeV2
(p+p), and for A+A, 〈qˆL〉=8 GeV2 and 20 GeV2. I got
9.7 GeV2 and 21.5 GeV2 respectively for the 8 GeV2 and
20 GeV2 curves subtracting the p+p value of
〈
p2out
〉
pp
.
A. How to Find 〈zt〉, xˆh, and the energy loss of pˆTt
for dihadrons
1. 〈zt〉 and ∆pˆTt
At RHIC, in p+p and Au+Au collisions as a function of
centrality the pi0 pT spectra with 5 < pT <∼ 20 GeV/c all
follow the same power law with n ≈ 8.10±0.05 [15]. The
Bjorken parent-child relation and ‘trigger-bias’ [16] then
imply that the single particle cross section has the same
power law shape, d3σ/2pipT dpT dy ∝ p−nT , as the parent
jet cross section and that large values of 〈zt〉 = pTt/pˆTt
dominate the single-particle cross section. This means
that the shift (∆pˆTt) in the A+A Jet pT spectrum at
2 Ref. [3] had 〈qˆL〉 /2 = in Eq. 3 because I forgot that the di-hadron
correlation represents both the trigger and away-side scattered
partons.
4a given pTt from the 〈TAA〉 corrected p+p cross section
can be measured from the shift in the trigger hadron
spectrum [3, 17]. Similarly, the 〈zt〉 as a function of pTt
can be calculated [18, 19] (Fig. 4) using the measured
fragmentation functions from e+p collisions [20, 21]. The
difference in 〈zt〉 for p+p and Au+Au due to the shift in
the spectrum is considerably less than the error in the
calculated 〈zt〉 so the 〈zt〉 calculated from p+p spectrum
is used for the Au+Au spectrum with the same pTt [3].
falling in the invariant mass region within M!0 ! 2:0".
The signal-to-background ratio for the !0’s in the range
p!
0
T " pTt > 3:0 GeV=c is above 15.
The azimuthal correlation function is obtained by mea-
suring the distribution of the azimuthal (around the beam
axis) angle difference, !# ¼ #t $#a, between a !0
(triggered particle) and a charged hadron (associated par-
ticle). The data are analyzed in eight bins of !0 transverse
momentum from 2:0 GeV=c < pTt < 10:0 GeV=c, and
the associated charged hadron transverse momentum
ph
!
T " pTa bin is selected to be within 2:0 GeV=c <
pTa < 5:0 GeV=c throughout this analysis. Whenever a
!0 is found in the event, the real (dNreal=d!#) and mixed
(dNmix=d!#) distributions are accumulated. The mixed
event distribution is applied as a correction factor to ac-
count for the limited PHENIX acceptance. Mixed events
are obtained by pairing a !0 taken from a dihadron event
with many charged hadrons taken from different events,
randomly selected from a minimum bias data set (no
high-pT photon required) without regard to helicity. The
mixed event distribution is kept the same for both helicity
combinations. Figure 2 shows the real and mixed event
distributions for 3:5 GeV=c < pTtð!0Þ< 4:5 GeV=c.
The fragmentation transverse momentum
ffiffiffiffiffiffiffiffi
hj2Ti
q
and the
partonic transverse momentum
ffiffiffiffiffiffiffiffiffi
hk2Ti
q
are related to the
widths of the two peaks in the correlation function—
around !# ¼ 0 degrees to obtain "near, and around !# ¼
180 degrees to obtain
ffiffiffiffiffiffiffiffiffiffiffihp2outip (the rms transverse momen-
tum of the charged hadrons with respect to the !0’s). The
raw dNreal=d!# distribution is fit with the following func-
tion to obtain "near (based on a near-side Gaussian) andffiffiffiffiffiffiffiffiffiffiffihp2outip (based on a more complicated away-side functional
form, as derived in [34]):
dNreal
d!#
¼ 1
N
dNmix
d!#
'
"
C0 þ C1 ' Gausð0;"nearÞ
þ C2 ' dNfard!#
########3!=2!=2
$
; (3)
where
dNfar
d!#
########3!=2!=2 ¼ $pTa cos!#ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi2!hp2outip Erfð ffiffiffi2p pTa= ffiffiffiffiffiffiffiffiffiffiffihp2outip Þ
) exp
"
$p
2
Tasin
2!#
2hp2outi
$
: (4)
To calculate
ffiffiffiffiffiffiffiffi
hj2Ti
q
and
ffiffiffiffiffiffiffiffiffi
hk2Ti
q
from the "near and
ffiffiffiffiffiffiffiffiffiffiffiffihp2outip
values obtained from the fit, the following formulas from
[34] are used: ffiffiffiffiffiffiffiffi
hj2Ti
q
¼ ffiffiffi2p pTt ' pTaffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2Tt þ p2Ta
q "near; (5)
hzti
ffiffiffiffiffiffiffiffiffi
hk2Ti
q
x^h
¼ 1
xh
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
hp2outi$ hj2Tyið1þ x2hÞ
q
; (6)
where xh " pTa=pTt, x^h is the analogous ratio of the
partonic transverse momenta, hzti is the ratio of hadronic
to partonic transverse momentum for the trigger !0, andffiffiffiffiffiffiffiffiffiffi
hj2Tyi
q
¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
hj2Ti=2
q
.
Figure 3 and Table I show the derived values of hzti and
x^h, which were determined through an iterative process
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FIG. 2 (color online). Azimuthal distributions for real (solid
curve) dNreal=d!# and mixed event (dashed curve) dNmix=d!#
pairs.
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FIG. 3 (color online). Values of derived hzti and x^h as explained in the text.
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FIG. 4: Values of 〈zt〉 as a function of pTt for pur quarks,
pure gluons and half and half [18].
2. The xE ≈ pTa/pTt distribution from a pTt trigger
measures the ratio of the away jet to the trigger jet pˆT :
xˆh = pˆTa/pˆTt.
As discussed in Ref. [3] it was assumed since
the high pT discovery at the CERN ISR that the
xE = cos ∆φ× pTa/pTt ≈ xh disribution would measure
the away-jet fragmentation function as is does for direct-
photon triggers [22]. However it was found at RHIC [19]
that the xE distribution (which PHENIX calls xh and
STAR calls zT ) measured the ratio of the away-jet to
trigger-jet transverse momenta xˆh = pˆTa/pˆTt (Eq. 6)
dPpi
dxE
∣∣∣∣
pTt
= N (n− 1) 1
xˆh
1
(1 + xExˆh )
n
, (6)
with the value of n = 8.10 (±0.05) fixed as determined
in Ref. [15], where n is the power-law of the inclusive
pi0 spectrum and is observed to be the same in p+p and
Au+Au collisions in the pTt range of interest.
Figure 5 shows a fit of Eq. 6 to the PHENIX xE
Au+Au 0-20% and p+p distributions in a region with
〈pTt〉 ≈ 7.8 GeV/c, close to the 5 ≤ pTt < 10 GeV/c
region in Fig. 3 with 〈pTt〉 ≈ 6.5 GeV/c. The results are
xˆh = 0.86 ± 0.03 in p+p and xˆh = 0.47 ± 0.07 Au+Au
(dashes). What is more interesting is a fit to Eq. 6 for N
and xˆh plus another term of Eq. 6 with xˆh = 0.86 fixed at
the p+p value, with the normalization Np = 0.22± 0.08
fitted, compared to the N = 1.5+1.4−0.6 for the partons that
have lost energy. The result is the solid Au+Au curve
with a much better χ2 which is notably parallel to the
p+p curve for xE ≥ 0.4 (pTa ≈ pTt× xE = 3.1 GeV/c).
FIG. 5: Fits to PHENIX dP/dxE distributions [23, 24] for
pi0-h correlations with 7 ≤ pTt ≤ 9 GeV/c in √sNN =200
GeV p+p and Au+Au 0-20% collisions.
3. This effect is well known under a different name
One possible explanation is that in this region for
pTa ≥ 3 GeV/c, which is at a fraction ≈ 1% of the
dPpi/dxE |pTa distribution, these hard fragments are dis-
tributed narrowly around the jet axis so that they are
not strongly affected by the medium [11]. An unlikely
possibility is from tangential parton-parton collisions at
the periphery of the A+A overlap region which has prob-
ability much smaller than the Np/N ratio.
Either possibility is consistent with measurements of
the ratio of the Au+Au to p+p xE (or pTa) distri-
butions for a given pTt which are called IAA distribu-
tions (Fig. 6 [23]). All IAA distributions ever measured
show the same effect as in Fig. 6, they fall in the range
0 < pTa < 3 GeV/c and then remain constant. The
same effect can be seen in an IAA measurement in
√
s
NN
=2.76 TeV p+p and Pb+Pb 0-10% by ALICE at the
LHC [25]. The fact that IAA remains constant above
pTa ≈ 3 GeV/c means that the ratio of the away-jet to
the trigger jet transverse momenta in this region remains
equal in A+A and p+p , i.e. no apparent suppression
via energy loss in this region. This effect also causes
5FIG. 6: PHENIX [23] IAA = dP/dxE |AA/dP/dxE |pp for
pTt=7-9 and 9-12 GeV/c vs. partner pT (i.e. pTa) in
√
sNN
=200 GeV p+p and Au+Au 0-20% collisions
problems in the following calculations of 〈qˆL〉 from the
di-hadron correlations.
III. CALCULATION OF 〈qˆL〉 FROM
DI-HADRON AZIMUTHAL BROADENING.
The calculations of 〈qˆL〉 for the STAR measurement [5]
in Fig. 3 as well as for 1.0 ≤ pTa ≤ 3 GeV/c per-
formed in Ref [3] 3 with the values xˆpph = 0.84 ± 0.04,〈zt〉 = 0.80 ± 0.05 are given in Table I. The value of
TABLE I: Tabulations for qˆ–STAR pi0-h [5]
STAR PLB760
√
sNN = 200 〈pTt〉 〈pTa〉
〈
p2out
〉 〈qˆL〉
Reaction GeV/c GeV/c (GeV/c)2 GeV2
p+p 14.71 1.72 0.263± 0.113
p+p 14.71 3.75 0.576± 0.167
Au+Au 0-12% 14.71 1.72 0.547± 0.163 4.21± 3.24
Au+Au 0-12% 14.71 3.75 0.851± 0.203 0.86± 0.87
〈qˆL〉 = 0.86 ± 0.87 GeV2 for the fit to the 3 ≤ pTa ≤ 5
GeV/c STAR data shown in Fig. 3 is consistent with zero
and clearly in significant disagreement with the proposed
〈qˆL〉 = 〈p2⊥〉 = 13 GeV2 quoted on Fig. 2 [6]. The value
of 〈qˆL〉 = 4.21± 3.24 GeV2 in the lower pTa bin is closer
to the prediction, within 2.7 standard deviations, but also
consistent with zero.
The calculations of 〈qˆL〉 from the fits to the PHENIX
data in Fig. 3 with xˆh = 0.51±0.06 and 〈zt〉 = 0.64±0.64
are given in Table II. The values of 〈qˆL〉 = −2.24± 2.01
and −1.68 ± 1.20 GeV2 are negative, as noted above,
3 The sharp-eyed reader will notice that the 〈qˆL〉 values in Ref. [3]
were 8.41±2.66 and 1.71±0.67 GeV2 for two reasons: first is the
〈qˆL〉 /2 in Eq. 3 there, second was a miscalculation of the error
which should have been obvious from the errors in
〈
p2out
〉
which
are unchanged.
and both consistent with zero but inconsistent with the
predicted 13 GeV2.
TABLE II: Tabulations for 〈qˆL〉–PHENIX Fig. 3
PHENIX PRC77
√
sNN = 200 〈pTt〉 〈pTa〉
〈
p2out
〉 〈qˆL〉
Reaction GeV/c GeV/c (GeV/c)2 GeV2
p+p 8.08 3.75 1.54± 0.08
p+p 8.08 6.68 3.92± 0.33
Au+Au 0-20% 8.08 3.75 0.79± 0.64 −2.24± 2.01
Au+Au 0-20% 8.08 6.68 2.12± 1.13 −1.68± 1.21
Although not discussed in Ref. [6], the PHENIX mea-
surement of IAA shown in Fig. 6 also provided values
of σaway for Au+Au and p+p plotted clearly (Fig. 7) so
that values of qˆL can be read off practically by inspec-
tion. While σaway is apparently larger in Au+Au than in
p+p for pTa < 2 GeV/c it is smaller or equal to the p+p
value for pTa > 2 GeV/c, i.e. qˆL consistent with zero.
Details for pTt = 9− 12 GeV/c are given in Table III.0.2
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FIG. 7: PHENIX [23] σaway for pTt=7-9 and 9-12 GeV/c vs.
partner pT ≡ pTa
IV. CONCLUSION
When calculated with fits to the measured distribu-
tions in Fig. 3 the values of qˆL are inconsistent with the
calculation of qˆL = 13 GeV2 claimed in Fig. 2 [6], for
pTa ≥ 3 GeV/c. For values of pTa < 3 GeV/c, sepa-
rating the flow background causes the errors in the mea-
surement of qˆL to be too large to obtain a reasonable
value.
The measurement of qˆL and possibly qˆ can be
greatly improved by measuring di-jet angular distribu-
tions rather than di-hadron distributions. The energy
loss of the trigger jets can be determined by the shift in
the pTt spectrum from p+p to A+A the same way as for
pi0 [3, 17]. Then a plot of the pˆTa of the away jets for
a given trigger jet with pˆTt analogous to Fig. 5 and an
evaluation of ∆E = αs qˆ L
2 from pˆTt − pˆTa and qˆL by
Eq. 5 as a function of pˆTa might allow the L dependence
to be factored out or determined which would lead to a
experimental measurement of qˆ.
6TABLE III: Tabulations of 〈qˆL〉-PHENIX 9-12 GeV/c Fig. 7
PHENIX PRL104
√
sNN = 200 〈pTt〉 〈pTa〉
〈
p2out
〉 〈qˆL〉
Reaction GeV/c GeV/c (GeV/c)2 GeV2
p+p 10.22 1.30 0.319± 0.023
p+p 10.22 2.31 0.491± 0.052
p+p 10.22 3.55 1.256± 0.166
p+p 10.22 5.73 2.884± 1.376
Au+Au 0-20% 10.22 1.30 0.86± 0.339 13.3± 10.4
Au+Au 0-20% 10.22 2.31 0.299± 0.190 −1.5± 1.7
Au+Au 0-20% 10.22 3.55 0.394± 0.189 −2.9± 1.6
Au+Au 0-20% 10.22 5.73 4.08± 2.83 1.5± 4.0
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